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8
An investi.gationto determinetheperformanceoftheXJ79-GE-1tur-

% bojetengineand”itscomponents,whileoperatingas integralpartsofthe
engine,wasconductedinan altitudetestchamberattheNACALewislab-
oratory.Datawereobtainedovera rangeofReynoldsnurberindices
from0.60to 0.08andforvarioussettingsofthevariablecompressor
statorsandvariable-areaexhaustnozzlefromfullyopento full.ycbsed
positions.

Compressor~erformanceandturbineperformancearepresentedinthe
formofperformancemapsat selectedvaluesofReynoldsnuiberindex;
theeffectsofReynoldsumber onperformancearesummarized.Theef-
fectsofvariablestatorangleandhighinlet-airtemperatureson com-
pressorperformancearealsoshown.Codmstorperformanceisgivenin

● generalizedformasa functionoftheusualconimstorparameters.Ex-
haustsystemdataarepresentedtopermitthecalculationof over-all
engineperformancefrompumpingcharacteristics.kkpsofenginepumping

% characteristicsarepresentedat selectedvaluesofReynoldsnmiber.
index,andthegeneraleffectof“Reynoldsnuniberonthepump@gcharac-
teristicsissupnnarized.

t
over-allenginperformance{netthrustand

specificfuelconsumption)ispresentedf r a flight&ch nuuiberof 0.9
atratedengineconditionsovera rangeofaltitudesto illustrateper-
formancelossesresultingfromdecreasedReynoldsnuniberindex.All
componentandengineperforqumcedataa@epresentedintabularaswell
asgraphicalforq.

INI!RODUCTION

An investigationto determinetheperformanceoftheXJ79-GE-1tur-
bojetengineanditscomponentswhileoperatingas integralpartsofthe
enginewasconductedovera rangeofReynoldsnuriberindicesinanalti-X tudetestchaiberattheNACALewislaboratory.Thisengineincorporates
variableinlet-guidevanesandvariablestatorvanesh thefirstsix

+ caupressorstagesas a meansofavoidingpart-speedsurge.Theengine
alsohasan afterburnerandiris-typevariableprimaryandsecondary
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etiaustnozzles;however,duringtheinvestigationreportedherein,the ?
afterburnerwasinoperativeandtheseconda&ytiozzlewasremoved.The
vk,riable-statorsystemandthevariableeXhaustnozzleexenormally

-.

scheduledautomaticallybya combinationelectronicandhydrauliccon-
trol,buttheyweremanuallypositionedduringthisinvestigation. ..<, =

Theperformancedatawereobtainedovera rangeofReynoldsnuniber
—

. indicesfrom0.60to 0+08withthevariable,statorsintheopenposition
andovera rangeof statorpositionsfromOOto 35°ata Reynoldsnuniber
indexof 0.20.At eachReynoldsnmber indexand.statorposition,data
wereobtainedovera rangeofenginespeeds“atfiveekhaust-nozzleareas.
Datawereobtainedat engineinletten&erat-mesupto 700°R, butthe
bulkofthedatawasobtainedatan inletteqeratureofapproximately $
416°R.

“8
Componentperformancedataarepresentedovera rangeofReynolds

nuinber’indicesandvariablestatorposition6.Generalizedenginedata
arepresentedina formthatpermitscomputationofengineperformance.
at operatingconditionsotherthantho,sespec~icallyinvestigated,and
themethodof suchcomputationisillustrated.Allcomponentandengine
performancedataobtainedduringthisinvestigationarepresentedin
tabulsxaswellasgraphicalform.

.

APPARATUS

Engine

TheXJ79-GE-lturbo~etenginehasa lengkhof 207-igchesanda
maximumdiameterof 32.6inchesattheturbinesectton.Thefrontal
areabasedonthecompressortipdismeteris.4.89squsrefeet. Thedry
weightof“theengineanditsaccessorie~is.about3150pounds.The
manufact~ertsstaticsea-levelmilitaryperformancerating(nonafter-
burning)is9600~oundsofthrustwithaspegific”fuelconsm.ptionof
0.87pouudperho~ per“poundofthrustat&-engine”speedof7460rpm-
anda turbine-outlettemperatureof 1070°F.

ThelU79-GE-Iturbojetenginehasseveralminorairflowbleedsthat
areusedforcabinpressurization,anti-icing,turbinecooling,and
bearing-sealpressurization.Thesebleedflowsareextractedfromthe
mainengineairflowattheseventhandninthconrpressorstagesandat
theseventeenthcompressor-stageseal.Theamountofbleedflowsdumped
overboardduringthisinvestigationdidnot’exceedapproximately1.5
percentoftheinletairflow;theremainderofthebleedflowsreentered
themainstreambeforereachingtheafterbtinerdiffusersection.

. .

x
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EngineComponents

Ccmpressor.- Theseventeen-stageaxial-flowcompressorhasvsriable
inletguidevauesandvariablestatorbladesinthefirstsixstagesthat
sremovedsimultaneouslyfromtheopenpositiontotheirrespective
closedpositions.Theanglsoftravelfromopento closedforthevari-
ourstagesisasfollows:inletguidevanes,47°;firststatorstagey
44°; secondthroughfifthstages,35°;andsixM stages41°. Allref-
erencesto statorpositionthroughouttherepo@ willbe intermsofthe
secondthroughfifthstagesas a ~tter of convenience;thatis,the
closedpositionwillbe referredtoas 3-. Thecompressorhasa con-
stanttipdiameterof 29.95inchesthroughthefirstfourteenstagesand
tapersdownto a tipdiameterof 29.3inchesattheseventeenthstage.
Thehfi-tipradiusratiosofthefirst,fourteenth,andseventeenth
stagesexe0.36,0.86,and0.88,respectively.Thecompressorwasde-
signedto deliveran ai~lowof 162poundspersecondanda total-
pressureratioof 12.2at static,sea-levelmilitaryconditions.

Cmitmstor.- Theconibustorisa cannulartypewithtencircular
through-flowinnerliners.Fuelis s~lied to eachlinerthrougha
single-inlet@plexfuelnozzle.Ignitionisprovidedbya sparkplug
inoneoftheinnerlinersandspreadsto theotherlinersthrough
interconnectingcrossfiretales.Theccnibustor-inletreferencevelocity,
basedonthefullburnersectionareaof4.33squsrefeet,isapproxi-
mately89feetpersecondat designsea-levelconditions.

Turbine.- Thethree-stageimpulse-typeturbinehasa constant
k pitch~~ter onallthreestagesandtipdiametersof 28.4,29.65,

and31.05inchesforthefirst,second,andthirdstages,respectively.
Thehub-tipradiusratiosofthefirst,second,andthirdstagesare

● 0.81,0.70,and0.59,respectively.Theincreaseinannularareathrough
theturbineoccursentirelyintheturbinenozzles.Theturbinewasde-.
signedto operateat a turbine-inlettemperatureof 1700°F at 7460rpm.
Dampingrodsareinstalledbetweenadjacentthird-stagerotorbladesto
reducebladevibration.Theserodsare3/16inchindiameterandare
situatedat approximately75percentofthebladeheight.

Controlandefiustsystem.- Theenginecontrolschedulesthe
vsriable-statorasseniblyto varycontinuouslyas a functionofcorrected
enginespeedfromtheclosedposition(3-) at 64percentofratedcor-
rectedspeedtotheopenposition(0°]at 90percentofrateduorrected
speed(fig.l). Duringtheinvestigation,theorigi~lschedulewas
alteredas shownby thedashedlineoffigure1 to achievea higher
thrustduringoperationata highengine-inlettemperaturecorresponding
to a flightMachumber of2.0. Theprimarye-ust nozzle,whichisa

8 convergent,variable-areairis-typenozzle,is scheduledto varyin
gradualstepsfroman openpositionat idleconditionsto a closed

—
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~positionatmilitarypositionofthepowerlever.Quringthisinvesti-
gation,however,thevariable-statorassembiyandtheefiaustnozzle

Q

weremanuallycontrolled.Theafterburner,whichwasinoperativeduring
thisinvestigation,hasa maximuminternaldiameterofabout34 inches
andincludesa diffuser,fuel-injectionbars,a pilotburner,a three-

—

ringgutter-typefl.ameholder,anda corrugatedandlouveredcooling
li,ner.Thevariablesecondaryexhaustnozzlewasremovedduringthis
investigation.

,-

.
Installation I

A viewoftheXJ79-GE-1turbojetengine,.i~stalledinthealtitude--_
..testchaniberisshowninfigure2. me enginewasrigidlymountedona
flexure-platesupportedtestplatformthatWBSconnectedlya linkageto 5
a calibratednull-typethrustcell.Dryrefrigeratedorheatedair “8
enteredtheengineinletthrougha bellmouthVenturiduct,whichwas
mou@edtotheengineinletandtestpl.atfo~=.Theinlet.sectionis
separatedfromtheexhaustsectionby the’frontbulkhead,whichincor-‘“ -
poratesa labyrinthsealaroundtheinletVenturiducttopreventthe
fltiof combustionairdirectlyintotheefi”austsectionandtopermit
themeasurementofthrustforces.Theinlet’-andexhaust-pressurecon-
trolsaredesignedtomaintainautomaticallya constantram-pressure

,.

ratio.andexhaustpressure. i-

instrumentation-- i

Instrumentationformeasuringpressuresqndtemperatureswasin-
stalledat variousstationsthroughtheengineas showninfigure3. &“
Thetablepresentedonthefigure.indicatestheuuiberandtypeofmeas-
w“ementsat eachstation.Total-pressureandteqeratureprobesat each
stationwerelocatedattheapproximatecentersof equalannular-area
incrementssothat’measurementscouldbe avqagedarithmetically.In-
strumentationwasalsoprovidedtomeasuretheportionofbleedflows
dumpedoverboardthroughthecompressor-dischargestandpipes. .=

Pressureswererneasured”bypull-typediaphragmcapsulesandrecorded
by a digital,automaticmultiple-pressure.recorder.Temperatureswere
measuredandrecordedby iron-constantanandChromel-Alumelthermocoqles
inconjunctionwithself-balancingpotentiometers.Fuelflowwasmeas-
uredby a calibratedturbine-typeflowmeter.Thevariablestatorposi-
tionandprimsryexhaust-nozzlesrea
tionsofoutputvoltagesfromlinear
mechanisms.

weredeterminedfromcoldcalibra-
potentiometersintheiractuating

u.

G... ,
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Mostofthedatawereobtainedatthe
consistentlyavailable(a~rox5mately416?

minimuminlet-airtemperature
R) to extendtherangeofcor-

rectedenginespeeds.Engine-inletpressureswereselectedinconjunc-
tionwiththisinlettemperatureto gtvea Reynoldsnumiberindexrange
from0.60to 0.08. Somedatawereobtainedathigherinlet-airtempera-
turesup to 700°R at a constantReynoldsumber indexof 0.4inorder
to investigatetheeffectoftemperatureitselfonthereproducibility
ofthedata.

Withthevariablestatorsintheopenposition,datawereobtained
at eachReynoldsnmiberindexatfivefixedsettingsofthevariable-
areaexhaustnozzleoveran enginespeedrangefrommilitary(7460rpm)
downto thesingeregion.At aReynoMs nuniberindexof 0.2,similsr
datawereobtainedforothersettingsofth’evariablestatorsdownto
thefullyclosedyosition.FuelconformingtothespecificationMIL-F-
562QLgradeJP-4witha lowerheatingvalueof 18,7CX3Btuperpoundand
a h@rogen-carbonratioof 0.171wasusedthroughouttheinvestigation.
Definitionsof qnibols,methodsof calculation,anda samplecalculation
ofengineperformancefromgeneralizedperformancedataarepresentedin
appendixesA,B, andC,respectively.

RESUITSANDDISCUSSION

b’ ComponentPerformance

Compressorperformanceandturbineperformancearepresentedinthe
* formofperformancemapsat selectedvaluesofReynoldsnumberindex,

andtheeffectsofReynoldsnumberonperformancearesummarized.The
effectsof variablestatorangleandhotinlet-airtemperatureson com-
pressorperformancearealsoshown.Conibustorperformanceispresented
ina generalizedformasa functionoftheusualconibustorparameters.
Et&smst-systemdataare.alsoshowntopermitthecalculationofover-all
engineperformance.

Compressorperfo-nce.- Thecompressor~erformancemapat a
ReynoldsnuniberIndexof 0.60withthevariablestatorsintheopen osi-
tionisshowninfigure4(a). ?)At designcompressorpressureratio 12.2
andratedcorrectedenginespeed(7460rpm),thecorrectedairflowwas
approximately159poundspersecond,andthecompressorefficiencywas
0.784.Compressorefficiencyreacheda maximumof 0.80to 0.81at a
correctedenginespeedofapproximately6900rpm. At a givencorrected

● engine-speed,variationincompressorpressureratio(aslimitedby
operationofthecompressorandturbineas enginecomponents)caused
variationsin compressorefficiencyonlyoftheorderof 0.01. Thecor-* rectedairflowwasunaffectedby compressor-pressure-ratiov=iationsat
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P-speedof 6600rpm,the
increasingpressure

ratioovertherang”e,perini,ttedby thevariahle-areaexhaustnozzle.

Theopen-statorcomp~essorperformance,mapata Reynoldsnumber
indexof 0.20is showninfigure4(b).Att%edesignpressure-ratioaud
ratedcorrectedenginespeed,co~ected”airflowwasabout2 percentlower
andcompressorefficiencywasapproximately-0.02lowerthanata Reynolds
nuniberindexof 0.60.Peakcompressorefficiencywasapproximately0.03
lowerandoccurred-ata slightlyhighercorrectedspeed.Variationsin
pressureratioata givencorrectedspeedhada greatereffecton c6r-
rectedairflowatthislowerReynoldsnumibe~index(0.20).Ata cor-
rectedspeedof 6600rpm,increasingthec~ressorpressureratioover
thepermissiblerangeloweredthecorrected.airflowabout6.5percentat
aReynoldsnuniberindexof 0.2comparedwitha 3 percentreductionata
Reynoldsnumberindexof 0.6.

..-— .-._

~

3.

—

Thecompressmperformanceata Reynoldsntier indexof0.20with
theveriablestatorsfullyclosedis showt”infigure4(c).Thevariable
statorsarescheduledtobe closedonlyforthelow-speedTortionofthe
map. Thecompressorperformancewasmappedoverthefullrangeofcor-
rectedenginespeedandexbmst-nozzlesxeaatthisstatorposition
(fullyclosed)topermitthedeterminationofcompressorperformancefor —

otherpossibleschedulesof enginespeedwithstatorpositionandother
ex%aust-nozzleareaschedules~Withthestatorsclosed,thecompressor —
operatesina regionofconsiderablyreducedairflowandpressureratio
andthepeakcompressorefficiencyis less”:than0.60.Correctedairflow --
wassensitiveto compressorpressureratioovertheentirecorrected
enginespeed”range,Theslopeo,fthecorrectedspeedlineat 5200rpm
illustratestheadvisabilityof scheduling-alargeexhaust-nozzlearea

P“

atthisoperatingcondition. —

Compressorefficiencyandcorrectedairflowforopenstatoropera- —
tionareshowninfigure5 a$functionsof.Re~oldsnumberindexfor
constantvaluesof corrected”enginespeeda“ndcompressorpressureratio.
Reynoldsnti.ervariationshadnoappreci@leeffecton compressoreffi-
ciencyor correctedairflowforvaluesofReynoldsnuniberindexgreater
thanapproximately0.4. At a correctedenginespeedof 8000rpmanda
pressureratioof 12.50,reducingtheReynoldsnmiberindexfrom0.4to
0.08loweredthecompressorefficlencyby”0.05”andloweredthecofiected
airflowapproximately7 percent.Thedecreaseinefficiencyandcor-
rectedairflowwithdecreasingReynoldsnuiiberindexwasgreateratthe
lowercorrectedenginespeeds.Conqyessor.performancelossesdueto
Reynoldsntier effectswerealsogreaterat highercoqressor_pressWe – Z-’-
ratios,especiallyinthelowcorrected-engine-speedregion.

———

. . .

..
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Correctedairflowdataobtainedovera rangeof inlet-airtempera-9
turescorrespondingtoflightMachnumbersupto 2.0didnotappearto
generalizewithintheexpectedaccuracyoftheairflowmeasurements
(fig.6(a)).Theapparenttrendof increasingcorrectedairfl.owwith
increasedinlettemperaturewasstilldotitfulbecausethecompressor
pressureratiowasnotquiteconstantinspiteoftheconstantexhaust-
nozzlearea,andthehot-teqeraturedatawereinthelowcorrected-
engine-speedregionwherepressureratiowasshowntohavean effect(see

~
fig.5). Eowever,sftertheeffectsof compressorpressureratiowere
eliminated(fig.6(b)),thetrendof increasingcorrectedairflowstill

* existedandamountedto approxhtelya 3 percentincreasein corrected
airflowforan increaseininlettemperaturefrom416°to 700°R.
Althoughthereasonsforthiseffectarenotunderstood,it isbe~e”ved
thattheaccuracyofthedatainvolvedestablishestheexistenceofthis
trend.

Theeffectof statorpositionon compressorperformanceis shownin
figure7 fora rangeofexhaust-nozzleareasat a Reynoldsnuniberindex
of 0.20. Correctedairflowwiththevariablestatorsclosedwasapproxi-
mately38percentoftheopenstatorvalueata correctedenginespeed
of 8000rpmandabout44percentoftheopenstatorvalueat a corrected
enginespeedof 6700rpm {fig.7(a)).Thecorrectedenginespeedsat
eachstatorpositionthatcorrespondto thecontrolschedulevalues(fig.
1)areshownonthefigureby verticaldashes.Thecorrecteda~low
foroff-scheduleoperationorforalteredschedulesmaybe approximated
by linesrinterpolation.

b’ Compressorpressureratio(fig.7(b))withthevariablestators
closedwasabout36percentoftheopenstatorvalueata corrected

- engiuespeedof 8000rpmandabout42percentoftheopenstatorvalue
at 6700rpm. At thecorrectedspeedof 6700rpm,theclosednozzlepres-
sureratioof 9.1couldbe reducedto 8.3by openingtheexhaustnozzle
orto 3.85by closingthestatorvanes.Thelow-speedstall-lineinter-
ceptwithopenstatorsandan eihaust-nozzleareaof2.81squarefeet
andtheapproximatescheduled.operatingliueofthevariablestatorsare
indicatedonfigure7(b)to illustratethenecessityofan antistall
deviceonthishigh-compression-ratiocompressor.

Theeffectof statorpositionon compressorefficiencyis shownin
figure7(c).Peakcompressorefficiencywasloweredfrom0.77to 0.75
by closingthevariablestatorsfrom@ to 18°,butdroppedoffrapidly
to lessthan0.60whenthestatorswerefullyclosedto 3+. Thecor-
rectedenginespeedatwhichtheengineis scheduledto operatefora
givenstatorpositionwasintheregionofpeakcompressorefficiency

9 forthetwoclosed-statorpositionsinvestigated. .—
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Conimstorperformance.- Thevariationofconhstionefficiencywith

theconibustionparameter
v

‘a,2T9 isshowninfigure8. Thisparameter
isapproximatelyproportionaltotheconimstor-inletparsmeterl?T/V
andismoreconvenientinconjunctionwithover-allengineperfo~nce
calculations.Conibustionefficiencyvaried.from0.97atthehighest

~,2T9 to 0.90ata combustionparameterofapproximatelyvaluesof w
16,000,whichessentiallycoveredtherange-ofengineandflightcond.t~
tionsinvestigatedwiththevariablestators_intheopenposition.With
thestatorsclosedata Re$_noldsnuniberindexof 0.20,thecombustion %
p@rametercouldbe.reduced.f.myther,.and.the...conibustionefficiencydro~ed 8offrapidlywithdecreasingengine.speedandincreasingetigmwt-nozzle
areatoabout0.33ata combustionparameter‘a,2T9 of4500.However,
thisconditfonwouldnotnormallybeencounteredinactualflightandis _.
presentedas isolatedcombustorperformancebeyondthe,usualrangeofa
ccmbustoroperatingasan integralpartoftheengine..me combustor-
inletconditionsofpressure,temperature,andreferencevelocityat this ‘“ :

,-<.

pointwereapproxJLgately750poundspersquarefootabsolute,610°R,
and60to”70feetpersecond,respectively.Thecorrespondinginletcon-
ditionsforthemaximumcombustionparamete~.andconibustionefficiency
were13,626poundspersquarefootabsolute=10780 R, and82feetper
secondjrespectively.

,:.--

Thecombustortotal-pressurelossratioasa functionof cordmstor
temperattieratioisshowninfigme 9. ~~$he temperatureratioin-
creasedfrom1.45to 2.05,thectiustortotal-pressurelossratiode-.“
creasedfrom0.07to 0.05.Thisreductionintotal-pressurelossratio
resultsfromthetire“rapiddecreasein.fri@ionpressyrelossthatat=.
companieithedecreaseinconibustor-inletM&h numberincomparisonwith
theincreasingmomentumpr.essurelossas co@mstortemperatureratiois
increased.

Turbineperformance.- Theover-allperformanceoftheturbineis_
presentedintermsof correctedturbineent~&lpydropandturbinegas-
flowparameterforlinesof constantcorrec&edturbinespeed,pressure
ratio,andefficiency.Theturbineperfbrmaycenq.determinedfrom
openstatordataata compressor-inletReynblisnumberindexof 0.60iS-
showninfigure10(a).Therangeofengine:speedsand”e@aust-nozzle
areasinvestigatedcausedtheturbine-inlet.Reynoldsnumberindexto
varyfrom1.04tml.41,but,aswillbe shownlater,Reynoldsnumberhas
littleornoeffectonturbineperformanceinthisrange.Overthe
nsrrowrangeofco~ectedturbinespeedandpressureratioas limitedby
operatinginan engineat a constantstator..positionltheturbineeffi-
ciencyvari”edfrom0.86”to0.88.Thecorrectedturbinegasflow,which
canbe obtainedby factoringoutthecorrectedturbinespeedandthe
factor60fromtheturbinegas-flowparameter,wasabout28.3pounds~er
second.

-, -—
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Ata compressor-inletReynoldsnuniberindexof 0.20an-dopenstator
position,theReynoldsnuniberindexattheturbineinletvaried.from
0.29to 0.43(fig.10(b]).Theturbineperformancemapwasquitesimilar
tothatatthehigherReyuoldsnumberindex;thecorrectedturbinegas
flowwasstillabout28.3poundspersecond;theturbineefficiency
variedfrom0.86to 0.88.However,thepeakturbineefficiencyof 0.88
occurredovera smallerrangeoftheperformancemapthanatthehigher
Reynoldsnumberindex.

Turbineperfo~nceatthelowestturbine-inletReynoldsnumber
indicesinvestigated(0.13to 0.19)is showninfigure1O(C).Themuch
largerrangeofthisturbineprfo’imancemapresultedfromtheconibina-
tionof closed-statordataata compressor-inletReynoldsnumberindex
of 0.2(lowerrightportionofmap)andopen-statordataat a compressor-
inletReynoldsnumberindexof 0.08(topleftportionofmap). Thetur-
bineefficiencylinesmustbe consideredonlyapprox~”tebecauseofthe
relativelylargeReynoldsntier indexvariationforthislowReynolds
nuniberindexrange;butitisevidentthatthepeakefficiencyshifted
to a regionof lowercorrectedworkandpressureratiothanatthehi@er
Reynoldsnuniberindices.Theminimumturbineefficiencyencountered
duringtheinvestigationwasabout0.82andoccurredduringclosed-stator
operationat a Reynoldsnumberindexof,O.20.Thetrendoftheconstant
co-c’rectedspeedlinesto lowercorrectedgasflowsatthelowturbine
pressureratiosindicatesthattheturbinenozzleswereunchokedwhen
operatingwiththevariablestatorsintheclosedposition.Whenthe
turbinenozzleswerechok&d,thecorrectedturbinegasflowwas,still
about28.3poundspersecond,thesameasatthehigherturbineReynolds
nuniberindices.

TheeffectofReynoldsnuniberonturbineperformanceis mmuarized
infigure11. AttheconditionswhereReynoldsnuuibereffectcouldbe
isolated,thatis,at constantvaluesofcorrectedturbinespeedand
pressureratio,theturbineefficiencywasnotsff’ectedbyReynoldsnum-
berdownto a Reynoldsumber indexofabout0.4,butdroppedoffabout
0.02astheReynoldsnumberindexwasreducedto0.15.Therewasno
apparentReynoldsnumbereffecton correctedturbinegasflowoverthe
rangeofReynoldsnuuiberindicesinvestigated.

, Exhaustsystem.- Theexhaust-systemdataareyresentedto allow
calculationofover-allengineperformancefrompumpingcharacteristics
whicharebasedonturbine-outletpressure.Tailpipetotal-pressureloss
dataareshowninfigure12as a functionoftheturbinegas-flowparam-
eter wg,5-@& whichisa functionofthet~bine-out~t~ch U*’==
Withthevariablestatorsintheopenposition,thetailpipetotal-
pressurelossincreasedfrom4.5percentoftheturbine-outlettotal
pressureata gas-fbwparameterof 1.02~ to about13percentat 1.47.
Atthestaticsea-levelmilitarycondition,thegas-flowparsmeteris
1.26andthetotal-pressurelossratioisabout0.07.Theturbine
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gas-flowpatismetercouldbe loweredto 0.65.withthestatorsfully
closed,atwhichpointthe,total-pressure10SSratiowasabout0.04.

*_

Eatiobtd.iedwiththelargestexhaust-nozzlearearesultedintotal-
pressurelossratiosashighas 0.35(notshownonfigure),indicating
thatchokedflowexistedsomewhereneartheturbineinsteadofat the
exhaust-nozzlethroat.Theexhaustnozzlebecameunchokedat turbine
gas-flowparameterssomewherebetween1.’47and1.53.

.“”_
Thevelocitycoefficientoftheprimaryexhaustnozzlewiththe

secondarynozzleremovedisshowninfigure13 asa functionofnozzle *-
pressureratio.Whentheexhaustnozzlewasunchoked(nozzlepressure d
ratiopO/P9> 0.5),datascattermadethevaluesunreliable.Whenthe
exhaustnozzlewaschoked,however,thedatafell.abouta meanvalueof
about0.985. —

EnginePerformance

Severalaspectsof theover-alletiineperformancearediscussedin
thissection.Typicaleffectsofvariablestatorpositiononnetthrust
andspecificfuelconsumptionarepresentedata specificflightcondi-
tionandexhaust-nozzlearea. Enginepumpingcharacteristicswithopen
statorsare,presentedat selectedvaluesofReynoldsnunherindexan~
thegeneraleffectofReynoldsnuniberonthepumpingcharacteristicsis
summarized.Netthrustandspecificfuelconsumptionarepresentedfor
a flightMachnumberof 0.9at ratedengineconditionsovera rangeof
altitudesabovethetropopauseto illustrateover-allperformancelosses
resultingfromdecreasedReynoldsnuniberindek.

Sometypicaleffectsofvariablestatorpositiononover-all.engine
performanceareshowninfigure14foronespecificflightconditionand
exhaust-nozzlearea.Netthrustfelloffrapidlyinapproximatelylinear
fashionwhenthestatorswereclosed.Thisis,of course,thee~ected
trendonthebasisofthecorrespondingairflowandcompressorpressure
ratioreductions(figs.7(a)and(b)).Althoughthethrustdropped
rapidly,thespecificfuelconsun@ionincre~sedonlyslightlywith
clostireof‘thestatorstoabout’themid position(180).However,the
specificfuelconsumptionincreasedrapidlyasthestatorswereclosed
further.Thisnonlinearvariationofspecificfuelconsumptionwith ●

statorpositionisa resultofthesimilarvariationin compressoreffi-
ciencywithstatorpositionshowninfigure7(c). Inasmuchasthevari-
ablestatorsaregenerallyscheduledtobe openexceptforcertainengine
transientoperationsat reducedspeeds,thefollowingpresentationof
generalized.steady-stateengineperformanceis confinedto theopen
statorposition.

*
. .

..:_
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Pumpingcharacteristicmaps,whichconsistofthevariationof en-
ginepressure”ratiowithcorrectedenginespeedwith.linesof constant
enginetemperatureratioandcorrectedairflow,areshowninfigure15
forReynoldsnumberindicesof 0.6,0.2,0.12,and0.08. Thepeaksof
thelinesof constantenginetemperatureratioshowtheregionsofmaxi-
mumconibinedcompressorandturbineefficiencies.Theslopeofthe
linesof constantcorrectedairflowat lowcorrectedenginespeedsre-
flectsthereductionin correctedairflowwithincreasingpressureratio
asdiscussedinthecompressorperformancesection.Over-allengine
performancemaybe determinedforchokedexhaust-nozzleoperationatany
flightconditioncorrespondingtoa Reynoldsnumberindexgreaterthan
.0.08by useofthepumpingcharacteristicmapsandseveralauxiliary
curves(figs.6,8,12,13,18,and19). A samplecalculationof engine
performanceusingthismethodispresentedinappendixC.

Thegeneraltrendofenginepressureratioandcorrectedairflow
withReynoldsnumberindexis showninfigure16forseveralcorrected
engtne-speedandtemperature-ratioconditions.Curvessimilartothese
canbe constructedfromthepumpingmapsforcalculatingengineper-
formanceat otherengineconditionsandcanbe interpolatedforinter-
mediatevaluesofReynoldsnuniberindex.

Thereductioninnetthrustandincreasein specificfuelconsump-
tionresultingfromReynoldsnunibereffectsontheenginecomponentsare
showninfigure17fortheratedenginespeedandlimitingtemperature
conditionovera rangeofaltitudesfromabout35,400feet(tropopause)
to 72,000feetat a flightMachnumberof 0.90.Thiscorrespondstoa
rangeof compressor-inletReynoldsnumberindicesfrom0.46to 0.08.
Increasingthealtitudeoverthisrangereducedthecorrectednetthrust
by 1.4percent,6 percentofwhichwasdueto reducedairflow.Thelower
enginepressureratioresultingfromreductionsinthecompressorand
turbineefficienciesaccountedforabout6 percentofthethrustloss,
andabout2 percentwasdueto theincreasedtailpipepressureloss
broughtaboutby theabovee?fectsontheturbine-outletMachnuniber.
Thespecificfuelconsumptionwasincreasedabout16percentas altitude “
wasincreasedoverthisrange,6 percentofwhichcanbe chargedto com-
bustionefficiency,8 percentto theco~ressorandturbineefficiencies~..- —
and2 percentto thehighertailpipepressureloss.

SUNMSRYOFRESULTS

Theresultsofperformancetestson theXJ79-GE-1
8 anditscomponentsaresummarizedasfollows:

1.At ratedcorrectedenginespeed(7460rpm)and

turbojetengine

designcompressor
< pressureratio,thecorrectedairflowwas159pounds”persecondandthe

compressorefficiencywas0.784at a Reynoldsnumberindexof 0.6. At

.
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thisReynoldsnuderindex,peakcompressor,,efficiencywasbetween0.80
and0.81andoccurredata correctedengin&speedofapproximately6900
rpm. Compressorperformancewasnotappreciably”a$fectedbyReynolds
numberatReynoldsnuniberindexvaluesgreaterthanapproximately0.4.
LoweringtheReynoldsnumberindexfrom0.4to 0.08reducedthecom-
pressorefficiency0.05andloweredthecorrectedairflowapproximately
7 percentat thehighestcorrectedspeed(8000rpin)atwhichcomparisons
couldbemade. Increasingtheengineinlettemperaturefrom416°to
700°R ata constantReynoldsnumberindexresultedinapproximatelya
3 “percenthighercorrectedairflowfora givencorrected”engines~eed
andcompressorpressureratio.

.* ...- .-
LJ .. ---

.

—

2.Varyingthevariablestatorsfromtheopento closedposition
(0°to350),resultedinreductionsin correctedairflowandcompressor
pressureratioontheorderof 60percent.~Peakcompressorefficiency
wasloweredonly0.02by closingthestatorshalfway,butdecreased
rapidlywhenthestatorswereclosedfurther.Netthrustfelloff

.-

rapidlywhenthestatorswereclosed,butthespecificfuelconsumption
remainedrelativelylowuntilthestatorswereclosedmorethanhalfway.
Theplannedscheduleofvariablestatorpoqitionasa functionof cor-
rectedenginespeedapparentlysafelybypassedthelow-speedstallreg’ion
andpassedthroughtheregionsofpeakcompressorefficiency.

3.Combustionefficiencyvariedfrom,0,97to 0.90overtherangeof
engineandflightconditionsinvestigatedw~ththevariablestatorsin
theopenposition.Thecombustortotal-pressurelossratiovariedfrom
0.05to 0.07overtherangeof combustortemperatureratiosinvestigated.‘ -----

.-
4. Turbineefficiencyvariedonlyfrom0.88to0.86foropen-stator

+-

operationthroughouttheinvestigation.we minimumturbineefficiency
encounteredwasabout0.82andoccurredduringclosed-statoroperation

L

ata Reynoldsnuniberindexof0.20.Turbineefficiencywasnotaffected
by Reynoldsnuniberdowntoa turbine-inletReynoldsnuniberindexofabout
0.4,butdroppedoffabout0.02astheturbine-inletReynoldsnumber
indexwasreducedtoabout0.15.!I%erewa~.noajparentReynoldsnumber —

effecton correctedturbinegasflowovertherangeofReynoldsnumber
indicesinvestigated.

5.An increaseinaltitudefromthetropopauseto 72,000feetat_a
flightMachnumberof0.9(Reynoldsnutierindexreductionfrom0.46to ‘ ‘ -
0.08)resultedina 14percentreductioninnetthrustandan increase
inspecificfuelconsumptionof 16percentincomparisonwiththevalues .-

thatwouldbe obtainedasswningnolossesin componentperformancewit-h ‘-“- Z
increasingaltitude. ..-

# “:’

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics P

Cleveland,Ohio,March20,1958”-” —.—.
—

.-
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APPENDIXA

SYMBOLS

Thefollowingsynibolsareusedinthisreport:

A area,sqft

F

M

N

P

P
&

R

w

.

balanceforcefromthrustcapsule,lb

coefficient

thrust, lb

acceleration..dueto gravity,32.17ft/sec2 .

enthalpy,Btu/1.b

lkchnumber

enginespeed,rpm

totalpressure,lb/sqf% abs

staticpressure,lb/sqft abs

gasconstant,ft-lb/(lb)(%)

totaltemperature,‘R

statictemperature,%

velocity,ft~sec

flowrate,lb/secor lb~hr

r correction 1.4factor,~

()1.4+1-2

ratioof specificheats

ratiooftotalpressuretoNACAstandardsea-levelstatic
pressure
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5/9-@ Reynoldsnuniberindex
,

7 efficiency

e ratiooftotaltemperaturetoNACAstandards~a-levelstatic
temperature ,:.

Q ratioofabsoluteviscosityto viscosityofNACAstandard
atmosphereat sealevel-

Subscript:

air

B

b

c

cr

eff

f

g

id

J

n

s

T

v

o

1

2

3

combustor

-bleed

compressor

critical .

effective

fuel

gas

ideal

net

slipjoint@ inletduct

turbine

velocity

free-streamconditions

_.InletVenturi.throat -,

compressorInlet

compressoroutlet,combustorinlet

* . -.

,. ..-

-. .
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u 4 conibustoroutlet,turbineinlet

5 turbineoutlet

5a turbineoutlet{GEcontrolthermoco~les)

9 exhaust-nozzleinlet
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14EI!KODSOFC~ION

Airflow.- Airflowwasdeterminedfrommeasurementsoftotal-
pressureupstreamofthebellmouthjstaticpressureintheinletVenturi
throat,andtemperature-atthe’compressorinlet.Thesemeasurements
wereusedto calculateengine-inletairflowfromthe”equation,.=._ _ _ -_--.._:&

Overboardleakageairflow%& calculatedsimilarlyfrompressure
andtemperaturemeasurementsinthecompressordischsxgestandpipes.and
wasstitractedfromtheinletairflowfqrallstationsdownstreamofthe
pointofextraction.Tailpipegasflowwasobtainedfromtheexpression

=W‘gjs Et)l

Compressorefficiency.- The
ratioof isentropicenthalpyrise
compressor

nc=

-w + wf/3600a,b

.

.
cgmpressodLefficiencyisdefinedasthe
totheactual”enthalpyriseacrossthe

(%,3)isentropic- ‘a,2
%,3 - %,2-

Theenthalpyvaluesweredeterminedfromchartsbasedonthematerial
ofreference1 usingvsmiablespecificheats.

Co@ustionefficiency.- Theconibustionefficiencyisdefinedasthe ““”
ratiooftheidealfuel-airrationecessaryto obtaintheenginetempera-
turerise.to theactualfuel-airratio:

‘=* .

Theidealfuel-airratiowasdeterminedfromthefuelpropertiesandthe
enginetemperaturerise(seefig.18orref.2).

-+ ----

.b

.. “.

-.—-

b

.—
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M Turbineefficiency.-
ofactualenthalpydropto

Theturbineefficiencyisdefinedastheratio
isentropicenthalpydropacrosstheturbine:

Eg4-Hg5

(%,4 - ~,5)isentropic

Theturbine-inlettemperatureT4 wascalculatedby assumingthatthe
turbineenthalpydropequaledthecompressorenthalpyrise. Theenthalpy
valueswerethendeterminedfromchartsbasedontheuterialofrefer-
ence1 usingvariablespecificheats.

Jetthrust(measured).- Jetthrustwasdeterminedfromthethrust-
measuringsystemby an algebraicsummationoftheforcesactingonthe
engine:

Fj =B”+AS(P1- po)

where B isthebalanceforcefromthehydraullccapsule.Thelast
termrepresentsthemomentumandpressureforcesontheinstallationat
the

gas

?

The

labyrinthseal.

Jetthrust(calculated).- Jetthrustwasalsocalculatedfromthe
flowandeffectivejetvelocity:

‘eff

theeffectofexcesspressurenoteffectivevelocity,whichincludes
4 convertedto velocityfors~ercriticalpressureratios,wasobtained

fromtheeffectivevelocityparameterofreference3 (alsoseefig.19).
Theratioofqeasuredthrustto calculated.thrustisthevelocitycoef-
ficient~, whichcanbe usedforallchokednozzleconditionsto obtain
truejetthrustwhenmultipliedby thecalculatedjetthrust.

Netthrust.- Netthrustwasdeterminedlysubtractingtheinlet
momentumfromthejetthrust: .

‘a,2Fn = ~j -—V()
g
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SAMPLEUUCULATIONOF~GI@

-+
.G

. n. -_
...-

Pm?oRMANcE —- .

FROMGEKEMIZZEDPERFORMANCEDATA

In.orderto illustratethemethodfor,obtainipgover-allengine
performancefromgeneralizedperfor~nce*%a, a numericalexanpleis ~
presentedforthefollowingflightandeng~iieconditions:

2
Altitudejft.. . . . . . . . . . . . .

— ----—--

Flightl@hnumiber,Mo.. . . . ... .
Enginespeed,N,rpm. . . . . . ~ . . .
Exhaust-gastotaltempqratme,Tg,OR .

From theseconditionsthefollowing

PO = 490lb~sq ft abs

to = 392.4°R

. . . . . . ,0 . . . . 35,400
● ...*. . . . . . . . 0.9
.0, . . . . . . . . . . 7460
. ...*.. . . . . . . 1530

qpantitfesare’known:

100percentrem-pressurere-Frornthesequantities,andassuming
coveryandanNACAstan@rdday,thefollowing@rametersmaybe
calculated:

Vo = 874ft~se.c

P; = 829%b/sqft abs

T2 = 456°R

= 0.9373

/32 = 0.3918
.

~2/92+% = 0.46

N/& = 7959rpm

T9/T2 = 3.355

.,.

.:

.—

Fromfigure15,valuesofenginepressureratioandcorrectedatr-
flowcanbe obtainedata correctede~i-nespeedof7959rpmandari
enginetemperatureratioof3.355forvariousvalues“ofR-eynoldsntiber- ““
index.Curvessimik to thoseinfigure”16canbe c&m&uctedandthe
enginepressureratioandcorrectedairflowat8 Reynoldsnudberindex

—-

—
..-

.-

.,

—.---
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—
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of 0.46canbe obtained:
●

PJP2 = 2.633

~a,24m= 165.75~/see

and

19

P5 = 2183lb/sqftabs

wa,2= 69.29lb/see

Theoverboardbleedflowisabout1.5percentoftheinletairflow,and
theairflowdownstreamoftheturbineis

‘a,5= 68.25I./see

To determineconibustionefficiency,thecombustionparameterWa,2Tg
iscalculated,

andfrom

~

Fkomthe
* termined

Dividing

‘a,2T9= 106.0x103
.

figure8,

~B=“0.968

enginetemperaturerise,theidealfuel-airratio”maybe de-
frcnifigure.18

T9 - T2 = 1074°R

(wf/3600wa,5)id~0.0148

by combustionefficiencyto obtainactual

wf/3600wa,5= 0.01529

fuel-airratioyields

and

wf = 1.044.lb/seeur 3757lb/hr

w To obtaintheexhaust-nozzletotalpressure,itisnecessaryto deter-
minethetailpipepressureloss;wh~chis showninfigure12as a

●
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20

functionof wg,5fl/P5,

wg,5= wa,5+ wf/3600

= 68.25+ 1.04

= 69.29Ib/sec

wg,5&/P5 = 1.242

(p5- P9)/p5= 0.0665

and

P9= (1- 0.0665)P5= 2038lb/sqftabs

Thee-uet-nozzlepressweratiols

“p~p9= 0.2404
:.

Fromfigure13,theexhaust-nozzlevelocity

To calculate
Fromthefuel-air
cificheatsis

--

NACARME58C12 ‘ q -

●

. —
coefficientis
.

thrust,theeffectivevelocitymustbe determined.
ratioandexhaust-gastemperature,theratioof spe- ~

rg = 1.337
b-”

L.

I!romfigure19,theeffectivevelocityparameteris

‘e+fl~~= l.~~

Theeffectivevelocitythenbecomes

v~ = 2452ft/sec

andthe,jetthrustis
._

- c~veff
‘J= g

= 5201lb

..

-..

—.

,-

-8

. .
“. b

—

.-..
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●
By subtractingtheinletmomentum,thenet

Fn = F$ - ‘a 2~~o”

andthespecificfuelconsumption

1.English,Robert
Propertiesof
NACATN 2071,

wf/Fn= 1.132

E.,and
Airand
1950.

2.Turner,L.Richard,and

is

21

thrustbecomes

3319lb

Ib/(hr)(lbthrust)
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3.Turner,L.Richard,AddiejAlbertN.,andZimmermn~RichardH.:
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.Sle
.04a

,mm
.SSm

<ma ,$td

SW
,Oee

~fi

.Sm4
:% ,s4-
.Obl , 2dll

,C+d , an
,9s1 , 7ue
,Q4Q
,mo

,Zd?-1
*M

,Cm , *181

,W1 ,3417
,1s8 , mm

.ms’l
:% ,2’747
.Cal ,WM

.0ss .31m
,%37 ,240
;Ou ,m75
,W9 ,a-
,m7 <mm

,Wl ,5m
,S2d .s970
,Cdn .mm
,Dm
.t+d :=

ROd
W

Krl%n-
tiw

,*lm-
,&-

C.imu,
%

0.994
,887

1

.ew :
,971 4
,0= 5

,Bun B
.W87
.Un ;
. am
. sm. 2

1,9M II
. Ban u?
.B7S as
. e27 M
,BOO 15

,9M 16
,en 17
;ma M
;% 19

m

l:LJr# El
m

, e7e
, en E
,078 05

, em S
.838 m
.em ‘la
, em m
.9M so

1.017 s
,961 aa
.em m
.s90 3L
,eed as

. am 34

.me 51
,903 S8

----
.000 E

,., . ,. ,
., ‘::
,: ,”. ‘i I

.,
.,

,. ., ;,,,
,,, , ,.. . .,
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l’ABLE’1. - Continued. PERFORMANCE DATA OF XJ79-r3E-lTURBOJET ENGINE

R=
014S
mm
Mlcx,
~

&

—
3VI

.S6a

.472

:%

. cm

.5?2
,3s8
,W
.404

.6$7

.3ss

.W
,W
;898

.4M
,40s
.3m
a%?
.Sw

g“

.m7

.m

.=

.=
,X6
.1D7

.1s0

.Iaa

.=
,m
.m

.Uz7
U@

.ms

.M1

.lm—

,:,, ,

al-bin9-
lmht
Ga’OaI
~-

?..

‘%

17m
Ind
1604
Im

1478”
Mm
1M8
ma

Em5
1085
1=
1882
lKO

lms
).7*
1859
e118
5286

~.

Iwo

N=
1998
1847

‘am8

lsaa
1774
=.
-n ,,
lKM .

17M ,.

1D70

$%_

—
a, lea
?,*M

:~:

8, ❑ 6

R%
I0,S66
m,sla

lo,m?d
s, w
0,ma
0,UT
Cl,m

7,776
7,170

$~

,j$

O,au
8,SZ3

b, as
4,s87
*,55
4,3s7a,ma
4,177
4,C65
4,3s9
4,Em
4,11,

S,am
4,m
4,cm
3, m
s, m

UO

!
S3. m
40. m
Sa.@a
47.,m

m 87.s4

m M.16
60.19

431 .sO:O
4!3

65. s9

m =.m
4e ,pLUo

59.45
M, S4. ca
m .fa

, , I

I:& 55.@ 20s3 572
M,as 1875 ewla

;: 57. @s law mm
C7.47 14s5 -

.M U.mb 17M 3407

.80 wm Mea Sm

.an 5s.72 w 5444
.0s 38. Q lm 7 m
.- a4.m em 4bM
.64 :6s.5.3 am 4444

.@? m.n ama m

.m S.u Za!+6 SO’18
.61 5S.Q6 mm 5?56
.= 54.76 mm .SJ3?l
.s4 54.08 w .$292

kl

:* g::%1CC9 ‘mm
4s& l&,

de! ea.e,
.50 .11 mm SMl
A5m.rllemm

s ‘27.31 ~ 17H
.28 =.53
.3a ‘m.87 +%J
.Zd m.87 m
.3s .m 17?4

iEE!EiE

—
1083
llm
loss
Ma
K@

m7

a’
lmm

m

r%?

m

n4

n
la
1762

d
Uw

en

w

13es

m

,=

‘km
a6

114M

)W

w
EM
U17
urn

S14—

.;
,

,: I 1
,,



‘ . 47D9 “ *

rsPm&iP

mummptim,

%%

Tmll%m

I.m

;:%
1,M8
I.nl

1,81.I
e,oa
1,7E7
14s3?
l,da

1,449
1.3M
l.m

:;FO

1.77P
l,am
e,ou
1,%9
1,=

1,705
l,mn
Scan
e.07B
2,075

1,15
1.lM
1.7U
1.!S3
l.lm

1,14s
1,743
l.lm
1.UB
1,125

1,701
1.034
~:~

l,lm

%%
m--y

%%

2,4s6
e,m’1
‘2.007
a.m7
1. W17

1,9U
I,me
e.oul
0.4W
e.sm

‘a,ml
n ,aw
awn
2,201
2,m

2dms
Z,W7
1,947
e,lls
e,m

P,obl
2,0M
1.*M
1,957
1,93s

S.m
S,sls
e.ml
S.BE3
S,M5

5,1=
e,m
S.exl
3 :SQ5
3.M7

w
3,WU
5.1e7
a.m

TAELE I. - Continued.

G
wm-
“-
Iatio,

%%

1.791
1.474
1,310
1.450
1,18B

1,118

i;%
1,W6
l,wn

l,KM
1.%1
l,H.0
1.430
1,3s7

1.355
1.2%
l,lU
l,SM
1,4=

1.3M
l,em
l,sm
l,md
l,lsu

2..367
I?.S51
1,020
e,m
E.m#

R.ma
1.W
E,e12
R,m3
a.l?m

L.@lb
e.au
R,m
E.sm
R.m—

0—,.

I

w %%!;~;;: 0,10
8,s1

U.*7 ‘7,49

lLm,m 8,e7
loi,7a 8.M
lm .’4.5
M4.61 ;“::
146,42 10.U
140,42 a,M
E43.m E.96
lse,n O.SD
123.36 :.:
lm.u ,

m,e 7,fm
ma07 7,CG?
lce,u 7.m
Mbtm O.ea
lm.10 8.&5

Ue,a 7#m
Us.m : ,5J
122.01
Ice ,01 7:W
107,59 6,e3

lu.m IB.7Q
104,48 lS,44
1W42 u.oe
184.97 3s.67
m,45 Is.m

1e3,38 U,&
p:; X7,87

13,44
103.47 1..5,u
Ia.a rz.m

163,15 I’J.sa
11!4,DQ 12,s7
157,ta =.71
p IS: U!,E8

11.m

KT
Maw
,rfi-
Wlq,

%

~

, 78b
.m
.1=

,’)14
,754
,735

:Z

A
!%

.,784

.Cad

.7m
,774
,714

f%

,aM
. 7aa
, 7e8

:%

,am
,4m
.-m
.lla
.7=

,nl
, no
.no
. n?u
, m7

, ns
,m

:%
.7s3.

PERFORMANCE
\

cm-
Utm
,mul-
ylml

y.

G~
,C8e
:C&

.on
.Om

:%
+36

.W1

.Ca
,(MO
.m4
,070

,063
,OM
.083
,rMs
,M4

;Lwl

:%
.W
,Cdo

,CaY
.Om
.OaO
,0%
,am

,2W
,M1
,m
.md
.m’l

,we
,Cul
.m
.Cim

~

x
tim
,rri-
lmw,
%

~

,Ma
,ml
.s44

.909

:H,au
,871

,s64
,ma
,964
.048
.3s7

,Bti
. 9b7
, am

;R

:%
,Ma
.SS9
,em

:%
.Sm
,9ca
.9U

,ase
, ml
.949
,w
.945

.8KI
,040
,ml
,947

~

DATA OP

I

1.01c4
.WM
.mm
,9M8
,Lwa

,M98
.-

:W?
,0116
.0117
.Oue
.Olm
,0104
.mL

,@37

:%%
.0U5
,CQm

,Om
,0108
.CQea
.OGm
,003s

.OMo
,0143
.OIM
.LUC.7
.0166

;%%
,OUT
,0W4
,Oub

,Olm
.mm

:%
.Lnm

5.707
B.m
::;;

6,.3U

8,W
5,MS
B,mi
9.s46
B,sm

6,724
8.3M

:;%
6.s10

a.em
IJ,mo
8.077+
8,6M
5.677

&,om
5,S91
S.S87
4.7C4
4,.9LI

::=
4,s$7
4,804
nm

6,sm
LIBE
&.sll,
4,048
5,s05—

XJ79-OE-1

G
,m-
lw,

%

7ij-
.&d
. w?
.W

.MP
,4M
,ml
. am
.867

,ON
,mm
.&57
.Ma
.ea

.M3

.M1
m7

.eed

.CaO

.854
,869
.’wm

:%

:%
.am
.e77
.874

AJ

..964
;g

:M
,M6
am
.874—

Bd,M
e7.79
20.1s
ea.cd
20.19

23,07
ee,oo
e7,B0
k?8.a4
Q8.20

2?.33
2a,1s
m,m
#?,so
m.76

Ua.q
ea.m
Q8.cn
ee,w
M.w

2:2
9s,19
S7,*5
m,m

ea,53
J4b,w
28,MI
U,5S
.a.w

m.m
ea.zs

a:%
2a,44

ee.m
2B.M
e8.55
28,49
Q8,40

ml

Riizi
{u nm

~z
5

3.308
1.4s6
1.43s
1,364
1;4E3

1.434
1,4s7
1,s3s
1.S04
1.440

1.432
1 ,X5
1.U1
l,sm
I.L&?

L4S1
l,ssa
1.437
1,434
1.360

:%
1,4S1
1,*O
1,4s0

lam
1,3m

;:=
l’, S47

l.xd
l,ms
1.103

%

1,684
1,108
l,IF.7
1,353
1.578

O:d:

,m
.M3
, m

, us
U5

:%
,115

::~

,U9

. lIE

, lm
.006
.lml
,UT
,ma

, lm
, lUI
.119
,11s
.lle

.0!0

.CeO

.SaO

.004
me

.C.$3

.3s8
,L15’Y
,Om
,m

,SM
.Cuu

:%8
.mi

.

,. ,“,

tx.

G
IMSJ..
.MIIr
Ulo,
Po

5

E@
.mm
.40M
.Sew

,W8
,s74a
,4SW
.Qm3
.38M

.Ean?

:%

:%%

.3me
,Hoe
.Um

:=

.ScU

.3277

.Wen

.S4m

.m9e

.9s34

.Sc%n

.mm

.L!sm
,arm

J$S5
.EM8
.24a5
,Q7n
,5aB7

,Mm
,Wn
,%37
,Sm
,RUll—

lmd-
m

41

fl
44
46

44

Z
M
m

u
w
M
34
35

se
57

z
S3

%
u
m
86

88
87

.%
m

n
7R
7.3
7L
‘)5

78
?7
n

~

,,
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rsPm&iP

mummptim,

%%

Tmll%m

I.m

;:%
1,M8
I.nl

1,81.I
e,oa
1,7E7
14s3?
l,da

1,449
1.3M
l.m

:;FO

1.77P
l,am
e,ou
1,%9
1,=

1,705
l,mn
S.cax
e.07B
2,075

1,15
1.lM
1.7U
1.!S3
l.lm

1,14s
1,743
l.lm
1.UB
1,125

1,701
1.034
~:~

l,lm

%%
m--y

%%

2,4s6
e,m’1
‘2.007
a.m7
1. W17

1,9U
I,me
e.oul
0.4W
e.sm

‘a,ml
n ,aw
awn
2,201
2,m

2dms
Z,W7
1,947
e,lls
e,m

P,obl
2,0M
1.*M
1,957
1,93s

S.m
S,sls
e.ml
S.BE3
S,M5

5,1=
@,&a
S.exl
3 :Sa5
3.M7

W
3,WU
5.1e7
a.m

TAELE I. - Continued.

G
wm-
“-
Iatio,

%%

1.791
1.474
1,310
1.450
1,18B

1,118

i;%
1,W6
l,wn

l,KM
1.%1
l,H.0
1.430
1,3s7

1.355
1.2%
l,lU
l,SM
1,4=

1.3M
l,em
l,sm
l,md
l,lsu

2..367
I?.S51
1,020
e,m
E.m#

R.ma
1.W
E,e12
R,m3
a.l?m

L.@lb
e.au
R,m
E.sm
R.m—

0—,.

I

w %%!;~;;: 0,10
8,s1

U.*7 ‘7,49

lLm,m 8,e7
loi,7a 8.M
lm .’4.5
M4.61 ;“::
146,42 10.U
140,42 a,M
E43.m E.96
lse,n O.SD
123.36 :.:
lm.u ,

m,e 7,fm
ma07 7,CG?
lce,u 7.m
Mbtm O.ea
lm.10 8.&5

Ue,a 7#m
Us.m : ,5J
122.01
Ice ,01 7:W
107,59 6,e3

lu.m IB.7Q
104,48 lS,44
1W42 u.oe
184.97 3s.67
m,45 Is.m

1e3,38 U,&
p:; X7,87

13,44
103.47 1..5,u
Ia.a rz.m

163,15 I’J.sa
11!4,DQ 12,s7
157,ta =.71
p IS: U!,E8

11.m

KT
Maw
,rfi-
Wlq,

%

~

, 78b
.m
.1=

,’)14
,754
,735

:&%

A
!12J

.,784

.Cad

.7m
,774
,714

i%

,aM
. 7aa
, 7e8

:%

,am
,4m
.-m
.lla
.7=

,nl
, no
.no
. n?u
, m7

, ns
,m

:%
.7s3.

PERFORMANCE
\

cm-
Utm
,mul-
ylml

y.

G~
,C8e
:C&

.on
.Om

:%
+36

.W1

.Ca
,(MO
.m4
,070

,063
,OM
.083
,rMs
,M4

iwl

:%
.W
,Cdo

,CaY
.Om
.OaO
,0%
,am

, 2W
,M1
,m
.ad
.m’l

,we
,Cul
.m
.Ci?4

~

x
tim
,rri-
lmw,
%

~

, Ma
, ml
.s44

.909

:H,au
,871

,s64
,ma
,964
.048
. 3s7

, Bti
. 9b7
, am

;R

:%
,Ma
.SS9
,em

:%
.Sm
, 9ca
.9U

,ase
, ml
.949
, W
.945

.8KI
,040
, ml
,947

~

DATA OP

I

1.01c4
.WM
.mm
,9M8
,Lwa

,M98
.-

:W?
,0116
.0117
.Oue
.Olm
,0104
.mL

,aM7

:%%
.0U5
,CQm

, Om
,0108
.CQea
.OGm
,M3s

.OMo
,0143
.OIM
.LUC.7
.0166

;%%
, OUT
,0W4
,Oub

,Olm
. mm

:%
.Lnm

5.707
B.ca
::;;

6,.3U

8,W
5,MS
n,ml
9.s46
B,sm

6,724
8.3M

:;%
6.s10

a.em
IJ,mo
8.077+
8,6M
5.677

&,om
5,S91
S.S87
4.7C4
4,.9LI

::=
4,s$7
4,804
nm

6,sm
LIBE
&.sll,
4,048
5,s05—

XJ79-OE-1

G
,m-
lw,

%

7ij-
.&d
. w?
.W

.MP
,4M
, ml
. am
.867

, ON
, mm
.&57
.Ma
.ea

.M3

.M1
m7

.eed

.CaO

.854
,869
.’wm

:%

:%
.am
.e77
.874

AJ

..964
;g

:M
,Mn
am
.874

—

Bd,M
e7.79
20.1s
ea.cd
20.19

23,07
ee,oo
e7,B0
k?8.a4
Q8.20

2-/.33
a,ls
m,m
#?,so
m.76

Ua.q
ea.m
Q8.cn
ee,w
M.w

2:2
9s,19
S7,*5
m,m

ea,53
J4b,w
28,MI
U,5S
.a.w

m.m
ea.z!s

i%:%
2a,44

ee.m
2B.M
e8.55
28,49
Q8,40

ml

Riizi
{u nm

~z
5

3.308
1.4s6
1.43s
1,364
1;4E3

1.434
1,4s7
1,s3s
1.S04
1.440

1.432
1 ,X5
1.U1
l,sm
I.L&?

L4S1
l,ssa
1.437
1,434
1.360

:%
1,4S1
1,*O
1,4s0

lam
1,3m

;:=
l’, S47

l.xd
l,ms
1.103

%

1,684
1,108
l,IF.7
1,353
1.578

O:d:

, m
.M3
, m

,us
U5

:%
,115

::~

,U9

. lIE

, lm
.006
.lml
, UT
,Cm

, lm
, lUI
.119
,11s
.lle

.0!0

.Ca

.SaO

.004
me

.C.$3

. 3s8
,L15’Y
,Om
,m

,SM
.Cuu

:%8
.mi

.

,. ,“,

tx.

G
IMSJ..
.MIIr
Ulo,

Po

5

E@
.mm
.40M
.Sew

,W8
,s74a
,4SW
.Qm3
.38M

.Ean?

:%

:%%

.3me
,Hoe
.Um

:=

.ScU

.3277

.Wen

.S4m

.m9e

.9s34

.Sc%n

.mm

.L!sm
,arm

J$S5
.EM8
.24a5
,Q7n
,5aB7

,Mm
,Wn
,%37
,Sm
,RUll—

lmd-
m

41

fl
44
46

44

Z
M
m

u
w
M
34
35

se
57

z
S3

%
u
m
86

88
87

.%
m

n
7R
7.3
7L
‘)5

78
?7
n

~

,,
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TABLE 1. - Continued. PERFORMANCE DATA QF XJ79-CtE-lTURBOJET ENGINE

mxhl
tow-

F“ma
ratio,
w

~
e:am
S.m.#
1,78$

1.U3
2.LW
1.3W

i:%

1,178
2,33X
Q,.!m
a,47a
e,am

1,s’36
1.054
;.5WQJ

ilM

1:*
1,311
1,Q7E
Q>M1
$!,0’7s

N%
low
e.em
l,OB1

1,W9
1.124
1,’WB
1.744
1.5U

l,US
L,103
1:%

y@J

-m
UPIP
p. flu
m-t9

*

1.ma
l.ced
l)M?
1,W3
1,360

1.877
l,M
l,m
l,SM
l,SU

l,W
1,=7
l,me
l.ma
1,2s0

1.QW
1.COL
1.=
1,090
1.U7

1.24.3
1,340
1.F44
1,11o
l,ua

1.33S
1.357
1,6m
l,OU
1.UQ

I,m,
----
1.OM
1.ME
1.W

.974
1.DM
l.on
l!la

—
—
WP
:mul-
UI12.

*tie
)5 . $
-%-

%

:%
.023

:ti

:$
,240
.0?8
.0?4
.073
.on

.om
,037
,am

7Z
.C.3B
MO
.271
.049
.Ms

,ma
.Cim
.F5a
,04s
.Lx3

,027
,=
,C&Y
,045
,9U

,cm
,048
.CQ
,W4

*

am—
mfr.

mlm.

“%Mr.
mi,nt,

%

~

.urn
,972
,97E

,946
,974
,S78
.#m
.97&

.S56

.223

.972

:2

.me
L.ml
l.m
----
,em

!ml
.977
,22s
,094
,aa4

.076
,9’7s
,s7?!
.997
.987

,en
.-—

.ml
,W7
.246

L.WE
.923
,098
.an
&

md-
m

al
m
L!-3
94
m

%
2d
80
20

91
m

:
23

08
97
9s

.%

,01
.m
cm
O!
m

.W

.01
,Lla
L2
,10

.lL

,x

&

la
17
.13
19

SD901#

mmmeim,

w%~
mlPilEm

n,ix4
l,lm
1,104
1.L22
1,19s

1.196
1,101
l,m
l,avl
1,439

1o:o

1.124
1.102
1,021

I,lcd
l,QM
5.94L
lam
1.WO

I,2M
1.323
3,242
l,wd
1,S4E

pi
y&m

@Q

Il,ms
S,4C4
3.U7
::a&

S,ma
:,lK&

2,W
‘2.319

2.05
3,m
3.436
3.219
s,017

a,7m
2,s$m
2,8LU
5PM
s ,4Ea

3: m
e.cs’l
a.m
3.024
S,MB,

2,S57
‘z,als
2.396
s,ml
5.14

a,m
ebm

S,U8

Z.ml

2,6U

2,17’?
y;

l:em

A41L

=—
hmumut

●mi-
aua,

%

5

~
,Wa
,5-
,4188

.7079
,s4s2
,W?S
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